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RESULTS OF DYNAMIC STABILITY TESTS 


CONDUCTED ON A .012 SCALE MODEL MODIFIED 
089 B SHUTTLE ORBITER IN THE AEDC-VKF TUNNEL B 
AT A MACH NUMBER OF 8.0 (LA42) 


ABSTRACT 

Exper imental aerodynamic investigations were conducted during June 
and July 1974 on a .012 scale model of a NASA/Langley modified version 
of the Rockwell 089B Space Shuttle Orbiter. The modification consisted 
of using the 139 B orbiter nose forward of station 500 on the 089 B 
fuselage. Using the forced oscillation test technique, dynamic stability 
derivatives were measured in the pitch, yaw and roll planes at a Mach 
number of 8 over an angle of attack range from -4° to 28°. Plotted and 
tabulated results are presented herein. 
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NOMENCLATURE 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

b 

BREF 

reference length lor lateral coefficients, 
(wing span) inches 

(C,. , sin 

a) CBLBTA 

d C kJ per r ad i an 

(C, p + C; 

■? sina)CBLP 

roll-damping coefficient, aCy. / * (pb/2V , ) 
+ OC^/ ^ / 2 V fn ) sin a, per radian 


CLM 

pitching moment coefficient 


CLMALF 

slope of pitching-moment vs angle of attack 
curve, per radian 

(^mq + CLMQ 

damping-in-pitch derivatives, 
^Cm/ii(qc/2V t ) + : ’C m /'K<*c/2V , ) , per radian 


CYN 

yawing moment coefficient 

c n , 

CYNBTA 

slope of yawing moment vs angle of sideslip 
curve, per radian 

(c n p+ c n • 

sin Jt) CYNP 

yawing moment coefficient due ; oil rate 

'(' n / f (pb/2V,. ) + aC n /d (5b/2V 0 ,) siu a , P er radian 

(^n r "^n3) 

CYNR 

d amp i ng- i n-y aw de r i vat ive , 

)C n / (rb/2V,) - <C n / i ( ».b/2V , ) , per radian 

c 

LRKF 

reference length for longitudinal coefficients 
(wing mean aerodynamic chords inches 

P 

- 

roll velocity, radians/sec 

q 


pitch velocity, radian /sec 

q* 

Q(PSF) 

freestream dynamic pressure, psf 

r 


yaw velocity, radians /sec 


RN 

Reynolds number based on model length 

S REF 

SREF 

2 

reference area, (wing planform area) ft 

V , 

- 

freestream velocity, ft /sec 
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NOMENCLATURE (Concluded) 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

x„ _ 

XMRP 

longitudinal 


v 

YMRP 

lateral 1 

location of pivot axis 
L (moment reference point) 

c.g. 

z 

ZMRP 

vertical 

(theoretical c.g.) 

c.g. 

J 


ci 

ALPHA 

angle of attack. 

degrees 

e 

BETA 

angle of sideslip, degrees 


NOTE: dot over symbol (i.e., a) denotes time rate of 

change of the symbol. 


CONK L (JURAT TONS INVEST 1 GATED 


An 0.012 scale model ol the Rockwell 089 B orbiter modified forward 
of fuselage station 500 to the 139 B orbiter configuration was tested 
with and without the vertical tail in the yaw and roll modes and in the 
full conf iguration only in the pitch mode. Figure 2 depicts the config- 
uration tested which included the OMS pods but not the body flap. Table 
I gives the tunnel conditions existing during the test while Table II 
delineates the configurations investigated at specific conditions. 

Table 111 lists pertinent dimensional intormation about each model com- 
ponent tested. 


6 


TEST MECHANISM 


PITCH /YAW 

The pitch/yaw damping test mechanism (Reference 1) utilizes a cross 
flexure pivot, an electric shaker motor and a one-component moment beam 
which is instrumented with strain gages to measure the forcing moment of 
the shaker motor, Figure 3a. The motor is coupled to the moment beam by 
means of a connecting rod and flexural linkage which converts the trans- 
lational force to a moment (70 in. -lb maximum) to oscillate the model at 
amplitudes up to +3 deg (depending on flexure balance) and frequencies 
from 2 to 20 Hz. The cross flexures, which are instrumented to measure 
the pitch/yaw displacement, support the model loads and provide the 
restoring moment to cancel the inertia moment when the system is oper- 
ating at its natural frequency. Presently, two cross flexure balances 
exist and each is composed of three beams with single unit construction. 
The beam thickness tor each balance is 0.087 and 0.17 in. and the re- 
storing moment produced by each balance is -132 and -938 f t-lb/radian , 
respectively. Since the moment beam which is used to measure the forcing 
moment is not subjected to the static loads, it can be made as sensitive 
as required for the dynamic measurements. Beams exist which can measure 
up to 4-0.6, +3, +11, +25, and +70 in. -lb. A pneumatic- and spring- 
operated locking device is provided to hold the model during injection 
into or retraction from the tunnel or during tunnel starts. The cross- 
flexuro balances can be supported by an elliptical cross-section sting 


(provides support strength and maximum model clearance but is not water- 
cooled) or a 1 . 7 5-in. -dia . water-cooled sting (normally used with the 
roll-damping balance, Reference 2). The water-cooled sting was used 
during the present tests in conjunction with the -132 f t-lb/radian cross- 
flexure balance and primarily the +3 in. -lb. moment beam. 

ROLL 

The roll-damping test mechanism (Reference 2) utilizes a water- 
jacketed, five-component balance, twin beam flexures, roller bearings to 
support the loads, and electric printed-circuit drive motors. Figures 3b 
and 3c. The motors are directly coupled to the balance and supply up to 
120 in. -lb roll moment to oscillate the system at amplitudes up to +3 deg 
and at frequencies from 2 to 20 Hz. The twin beam flexures mount from 
the stationary sting to the oscillating water jacket and provide a 
restoring moment which cancels the inertia moment when the system is 
operating at the natural frequency of the model-flexure system. The 
flexures are instrumented to measure the roll displacement. The entire 
mechanism is water-cooled to permit testing in the hypersonic tunnels. 

Two five-component balances have been fabricated for the system to 
provide good balance sensitivity over the load range. Both balances 
utilize outrigger beams in the yaw sections and thin-ribbed flexurec in 
the roll section to provide sensitive yaw and roll outputs while maintaining 
large normal-force capacity and rigidity in yaw. Semiconductor gages are 
also utilized for the yaw and roll sections for additional sensitivity. The 
-59 balance was used during the present test. 


TEST INSTRUMENTATION 


The forced oscillation instrumentation (Reference 1 and 2) utilizes 
an electronic analog system with precision electronics. The control, moni- 
tor, and data acquisition instrumentation is contained in a portable 
console that can be easily interfaced with the instrumentation of the 
various wind tunnels. 

The control instrumentation provides a system wnich can vary the 
oscillation frequency, oscillation amplitude, and angular position of the 
model within the flexure limits (for both pitch, yaw and roll tests), ^he 
oscillation amplitude is controlled by an electronic feedback loop which 
permits testing both dynamically stable and unstable configurations. 

Data are normally obtained at or near the natural frequency of the 
model-flexure system; however, the electronic resolvers used permit data 
to be obtained off resonance. The gages on the balances are excited by 

d-c voltages, and outputs are increased to optimum values by d-c ampli- 

0 

fiers. Typical balance outputs from an oscillating model are composed cf 
oscillatory components (OC) superimposed on static components (SC). These 
components are separated in the data system by bandpass and lovpass 
filters. The SC outputs are sent directly to the tunnel scanner and com- 
puter, which for the pitch/yaw tests calculate the static moment coef f 
and sting deflections and for the roll test calculate the static-force 
and moment coefficients. The OC outputs are input to the resolver instru- 
mentation and the precise frequency-measuring instrument which were 


developed at VKF. The resolvers utilize very accurate analog electronic 
devices to process the OC signals and output d-c voltages, which for the 
pitch/yaw tests are proportional to the amplitude squared, the in-phase 
and quadrature balance components, and the in-phase and quadrature sting 
components and for the roll tests are proportional to the amplitude 
squared, tie in-phase and quadrature (90 deg out of phase) moments, and 
the quadrature yawing moments. A switch is also provided in the resolver 
system to bypass the phase shift network so that the in-phase yawing 
moments can be determined during the roll tests. The resolver and fre- 
quency outputs are read by the tunnel scanner and sent to the computer. 
The frequency instrument controls the length of the data interval in 
increments from approximately 2 to 60 seconds, during which time the 
scanner reads each input approximately 10 times per second. The average 
values of the readings are calculated by the computer, which then uses 
these average values to calculate the dynamic coefficients. 


TEST FACILITY DESCRIPTION 


The AEDC-VKF Tunnel B is a continuous, closed-circuit, variable 
density wind tunnel with an axisymmetric countoured nozzle and a 50-in. 
diameter test section. The tunnel can be operated at a nominal Mach 
number of 6 or 8 at stagnation pressures from 20 to 300 and 50 to 900 
psia, respectively, at stagnation temperatures up to 1350°R. The model 
may be injected into the tunnel for a test run and then retracted for 
model cooling or model changes without interrupting the tunnel flow. 

A description of the tunnel may be found in Reference 3. A tunnel depic- 
tion is given in Figure 3d. 
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TABLE III. 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT : BODY - Q89B-139B (Modified Nose) — 

GENERAL DESCRIPTION Nose section from full-scale station 238.0 to 
STA. 500 from NAR drawing VL7Q-000139B. Remaining body AFT of STA 50 0 


from NAR drawing VL70-000093. 


DRAWING NUMBER VL70-000093 


DIMENSIONS (inches) 


.012 

FULL SCALE MODEL SCALE 


Length 

129Q-3 

Max Width 

265.0 

Max Depth 

248.0 

Fineness Ratio 

turn 

Area 


Max. Cross-Sectional (ft^) 

456.40 


Plonform 

Wetted 

Base 


15.484 


3.180 


2.976 


A. 869 


.0657 
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TABLE III. (CONTINUED) 


MODEL COMPONENT : ELEVON 

GENERAL DESCRIPTION: CONFIGURATION PER LINES VL70-Q00093 

DATA FOR (1) OF (2) SIDES 


MODEL SCALE = 0.012 


DRAW I NG NUMBER: VL7 0-000093 


DIMENSIONS : (inches) 


FULL-SCALE 


Area (ft 2 ) 

Span (equivalent) 

Inb'd equivalent chord 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hingeline 

Area Moment (Normal to hinge line)-Ft 3 


205.517 


353.34 


114.78 


55.00 


.208 


.400 


0.00 


- 10 . 02 


0.00 


1548.07 


.012 

MODEL SCALE 

.02959 

4.24 

1.377 

.66 


.208 


.400 


0.00 


- 10.02 

0.00 


.00267 
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TABLE III. (CONTINUED) 


MODEL COMPONENT: rudder 


GENERAL DESCRIPTION: CONFIGURATION PER LINES VL 70-000095 


SCALE MODEL = .012 


DRAWING NUMBER: VL70-000095 

DIMENSIONS: (inches) 

FULL-SCALE 

.012 

MODEL SCALE 

Area (ft 2 ) 

106.38 

.0153 

Span (equivalent) 

-2QU3 

2.412 

Inb'd equivalent chord 

. .J>k585 

1.099 

Outb'd equivalent chord 

50.833 

0.610 

Ratio niovable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

0.400 

0.400 

At Outb'd equiv. chord 

0.400 

0.400 

Sweep Back Angles, degrees 

Leading Edge 

34.83 

34.83 

Tailing Edge 

26.25 

26.25 

Hingeline 

34.83 

34.83 

Area Moment (Normal to hinge line)-Ft 3 

526.125 

.00091 





TABLE III. (CONTINUED) 


MODEL COMPONENT : Vertical Tail 

GENERAL DESCRIPTION: C enterline vertical tail double wedge airfoil with 

rounded leading edge. _____ 


Scale Model ■ . 012 


DRAWING NUMBER: VL7 0-000095 


DIMENSIONS: (inches) FULL-SCALE 

Area (theo) ft. 2 — £P , - 2 . 5 — 

Span (equivalent) Slid! 

Inb'd equivalent chord 268.50 

Outb'd equivalent chord 108, A7 


Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 45 

Tailing Edge 26.249 

Hingeline 

Area Moment (Normal to hinge line) 


.012 

MODEL SCALE 

.0595 

3.789 

3.222 

1.302 


45 


26.249 



TABLE III. (CONCLUDED) 


MODEL COMPONENT: wing 

GENERAL DESCRIPTION: Orbiter Configuratio n per Lines VL70-0Q0093. 

NOTE: (Dihedral angle is defined at the lower surface of the wing at the 75.33 % 

element line pro jected into a plane perpendicular to the FKL) . 

SCALE MODEL - 0.012 


DRAWING NUMBER: VL70-000093 


DIMENSIONS : (inches) 

TOTAL DATA 

Area (ft 2 ) 

Planform 

Wetted 

Span (equivalent) 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Diehedral Angle, degrees 
Incidence Angle, degrees 
Aerodynami c Twist, degrees 
Toe-In Angle 
Cant Angle 

Sweep r iack Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords : 

Root (Wing Sta. 0.0) 
Tip, (equivalent) 

MAC, inches 
Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
Airfoil Section 
Root 
Tip 

EXPOSED DATA 


Span, ^equivalent) 
Aspect Ratio 
Taper Ratio 
Chords 
Root 
Tip 


MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 


B.L. of .25 MAC 


FULL-SCALE 


2690.00 


936.68 
2.265 
1.177 
0.200 
3.500 
3.000 
3-3 . 000 


45.000 

-10.24 

35.209 


689,24 

137.85 

474.81 

1136.89 

.. 23.9 lifl. 


1752.29 
720.68 
2.058 
0-2451 

-■ 562 . 40 , 
137 i 85 
, 323.Q3 .. 

1185.31 

, M . 

143.76 


.012 

MODEL SCALE 


.3874 

11.24 
2.265 
1.177 
0.200 
3.500 
3.000 
+ 3 . 000 


45.000 

-10.24 

35.209 


8.271 

1.654 

5.698 

13.643 


.2523 

8.648 

2.058 

0-2451 


sum 

1.654 



1.725 
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moment coefficients, and angles are 
indicated by arrows 



Figure 1, Axis System 
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APPENDIX 

TABULATED SOURCE DATA 


Tabulations of plotted data are available 
on request from Data Management Services. 
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